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ABSTRACT 
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Fisc Radial inertia (centrifugal) force of orbiting scroll 
Fit Tangential inertia fo~:ce of orbiting scroll 
Fpa Axial pr<=ssure force due to orbiting scroll 
Fpr Radial pl:"essure force due to orbiting scroll 
Fpt Tangential pressure force due to orbiting scroll 
Fsbc Total resultant force acting on crank due to orbiting scroll 
h Height of scroll wrap 
Index for pair of scroll compression pock<=ts 
msc Mass of orbiting scroll 
N Number of pairs of compression pockets at start of dos<=d compression 
p1, .. ,pN Pressure in scroll compr<=ssion pockets 
Psc Pressure in suction chamber surrounding orbiting scroll 
rsc Radius from crankshaft axis, f, to orbiting scroll axis, m 
z1,z2,z3,z4 Lengths defined in Fig. 1 
~ 
e 
Relative angle bet;!een crank offset and Fsbc 
Crank angle 
o/cwl Phase angle of low<=r counterweight 
o/cwu Phase angle of upper counterweight 
w Angular velocity of crankshaft 
~ Angular acceleration of ~~ankshaft 
INTRODUCTION 
Scroll vapor compr<=ssors are becoming increasingly popular for air conditioning applications in the 1 to 10 ton capacity range due mostly to their high efficiency, fewer parts, low noise, and low vibration relative to reciprocating compressors. 
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The principal components in a typical
 scroll compressor are shown schematica
lly in 
Fig. 1 and include the fixed and moving 
(orbiting) scroll elements, drive shaft 
with 
eccentric crank, and drjve motor. 
Vapor compression is achieved as the o
rbiting 
scroll is driven by the eccentric crank
shaft and, as a result, loads are transm
itted 
to the drive shaft and reacted by the
 support bearings. To dynamically bala
nce a 
scroll compressor, and thereby reduce 
the loads at the bearings, two counterw
eights 
are typically included on the drive
 shaft as shown. The balancing of exi
sting 
scroll compressors follows the pract
ice used with most rotating machinery w
herein 
only inertial forces are considered in
 sizing and positioning counterweights 
on the 
drive shaft; typically, the upper coun
terweight is positioned close to the cra
nk in 
the axial direction and 180 deg. from 
the crank in the circumferential directi
on 
while the lower counterweight is a
ligned circumferentially with the crank
. This 
approach is approp,iate for minimizing
 inertia forLes transmitted through the
 shaft 
bearings to the frame. 
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Figure 1 Scroll compressor in low-side
 shell 
An optional method for counterweightin
g scroll compressors is described herein
 
such that the size and position o
f the counterweights on the drive sha
ft are 
determined by compensating not only the
 inertia of the orbiting scroll and ecc
entric 
crank, bot also the pressure forces
 which act on the orbiting scroll. 
This 
technique has the potential for reduc
ing the drlve shaft bearing loads, but 
at the 
expense of some increase in frame vib
ration. A discussion of the analysis fo
r this 
technique is presented along with e
xample cases showing shaft bearing 
load 
reductions. 
KINEMATIC ANALYSIS OF COUNTERVEIGHTING TECH
NIQUE 
Previous papers [1-4] have analyzed
 the loads acting on the orbiting scrol
l 
which are developed during steady-state
 operation. These loads a<·e shown in F
ig. 2 
and include radial, tangential, and 
axial pressure loads as well as radial
 and 
tangential inertia loads. The prim
ed variables in the lower part of F
ie. 2 
represent the components in the X-Z 
plane of the corresponding unprimed var
iables 
shown in the upper part of Fig. 2. 
The pressure forces acting on the fixed
 and 
moving scroll elements are generated
 during the compression process as the 
moving 
scroll orbits relative to the fixed 
scroll. The following equations were u
sed to 
compute the radial and tangential pressu
re loads, respectively [1]. 
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Fpr(e) z 2ha( PcPsc ) (1) 
F (9) ~ 2ha{ NE\2ni-9)[p.-pi 1 1 + (2rrN-8)[pN-Pscl} (2) pt i~l l + 




= m r oo sc:. sc (3) 
(4) 
Both analysis and measurement shov that the speed of a scroll compressor fluctuates little at a given steady-state operating condition. Therefore the angular acceleration is normally very low and Fit can be neglected. 
y 
Figure 2 Forces acting on orbiting scroll 
Reaction forces to these loads are produced at the orbiting scroll bearing and thrust surface as shown in Fig. 2. A detailed analysis of the forces acting on the orbiting scroll in a typical scroll compressor indicates that the total resultant force vector Fsbc which acts on the crank is relatively constant in magnitude with peak-to-peak fluctuations of only about 25% of the average. Even more impo<tantly, the relative angle ~ between the crank and Fsbc is nearly constant. (The vector di<ection rotates vith c<ank angle at a nearly constant relative angle to the crank). This c:ha<acteristic: of the scroll. compressor is shovn in Fig. 3 where Fsbc and ~ are plotted as a function of the crank angle. It is apparent from this figure 
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Figure 3 Resultant force acting on C<ank 
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that the magnitude of the resultant force does not va
ry much during one revolution 
of the crank, and the direction of the resultan
t force relative to the crank 
position is nearly constant. Therefore, the total 
resultant force acting on the 
crank behaves in a manner similar to the purely iner
tial forces and, accordingly, 
the size and location of the counterweights for 
a scroll compressor can be 
determined based on this total resultant force. 
An analysis of the loads acting on the crankshaft of 
a scroll compresso• vill 
include the resultant force Fsbc generated by the orb
iting scroll. A schematic of 
the forces acting on the crankshaft is shovn in
 Fig. 4. The schematic uses 
center-of-mass symbols to indicate positions of lu
mped mass for the crank (CR), 
upper counterveight (CWU), lower counterweight (CWL), a
nd motor rotor (MR). For the 
purposes of this analysis, upper (UB) and lower (LB) 
shaft bearings are assumed to 
be located as shown and indicated by the symbol 'X'
. No fo,;ces a~:e shown at the 
shaft beadngs in Fig. 4 so that the inertia forces at 
CWU and CWL can be determined 
which will produce zero reaction fo~:ces at these
 beadngs. Force and moment 
balances on the crankshaft produce the desi~:ed relation
ship between the loads acting 
z 
Figure 4 Forces acting on crankshaft 
on the crankshaft and the ine~:tla force magnitude and
 circumferential location for 
counterweights which will produce zero shaft bearing 
reaction fo,;ces. The inertia 
force due to motor rotor eccentricity is normally qui
te small and, therefore, will 
be neglected. For s1z1ng and positioning counterw
eights using the conventional 
tnethod of considedng only the inertia forces and 
ignoring p~:essure forces, the 
following equations a~:e commonly used: 
c ~ 
zl + z2 + z3 + 24 (5) 
z2 + 23 + "4 
<fcwu !\ 
(6) 
F Fie• cwu + Fisc 
) c (7) 
<fcwl 0 
(B) 
F F. + F. )(C-1) 
(9) 
cwl 1cr lSC 
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However, if one chooses the option to size and position counterweights so as to compensate not only inertia, but also pressure forces, then the total resultant fol-ce F sbc acting on the crank must be used in the force and moment balances, not 




sin<j> c (11) cwu sin.Pcwu 
.pcwl .pcwu + Jl (12) 
F cwl ~ Fsbc 
sin<!> ( c - 1 ) (13) sin.Pcwl 
An example of the results obtained using this method are shown in Fig. 5 where the inertia force and location relative to the crank are plotted as a function of crank angle for upper and lower counterweights which produce zero reaction forces at the shaft bearings. If upper and low~~ counterweights could be constructed having in~rtia force and center-of-mass location characteristics as shown in Fig. 5, then reaction forces at the shaft bearings would be zero at all crank angles. Such counterweight designs are impractical (if not impossible) to build, however Fig. 5 clearly shows that the magnitudes of the inertia forces vary only moderately while the angulal:" locations relative to the crank are nearly constant. Therefore, the average value o£ inertia force and angular location could be used to define the upper and lower counterweights so that their basic structural design would be no different than conventional counterweights; only their size and location would be changed as shown schematically in Fig. 6. Likewise, for variable speed applications, passive variable geometry counterweights could be designed that would also effectively maintain zero bearing loads. 
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Figure 5 Counterweight inertia forces and locations which produce zero shaft bearing loads 
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Fie-ure 7 Comparison of shaft bearing reaction foJ:ces which result u
sing 
conventional and optional counterweights 
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using this method a<e not ze.-o in Fig. 7 simply becau$e average values for inertia force and angular location were used as proposed previously. The ability to significantly reduce shaft bearing loads translates directly into increased rellabili ty and life of the scroll compressor. Consequently, expensive bearings (such as the roller or ball bearings used in some scroll compressors) could be replaced with lower cost bearings while maintaining or improving compressor reliability and life. 
It should be noted that there is a negative aspect of this new technique for counterweighting the crankshaft of a scroll compressor. The difference in the inertia force of counterweights defined by this method and those defined by the conventional method goes directly into increasing the vibration of the frame member which is rigidly attached to both the fixed scroll element and shaft bearings. In many hermetic scroll compressors, the fixed scroll is attached rigidly to the compressor shell, as 1s the crankcase containing the shaft bearings. For this design, the shell will experience an increase in vibration. However, if the fixed scroll and crankcase are isolated from the shell, or if the shell is isolated from the environment, then the increased vibration which results using this method may be tolerated. 
CONCLUSIONS 
A new method for counterweighting scroll compressors to m<n1m1ze shaft bearing loads has been discussed. The technique has the potential for reducing the costs of crankshaft support bearings while increasing life and reliability. However, implementation of these methods can inc.-ease the vibration of the compressor. For certain installations, the vibration could be acceptable; in other cases isolation provisions may be required. For instance, in an application where weight is not critical, the weight of the frame or shell structure could be increased to reduce vibration while maintaining the other desirable features of this technique. Thus, trade-offs arise between bearing costs and durability, and acceptable vibration or isolation costs. In any event, the methods presented offer the scroll compressor designer an additional tool that can be used where applicable. 
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